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X-RAY EMITTER AND X-RAY APPARATUS AND METHOD OF 
MANUFACTURING AN X-RAY EMITTER 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of a priority under 35 USC 1 19(a)- 

(d) to French Patent Application No. 02 11919 filed September 26, 2002, the entire 
contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the field of X-rays and more 

particularly, to X-ray tubes or X-ray emitters and an X-ray apparatus. 

[0003] An X-ray tube mounted, for example, in a radiological imaging 

apparatus, comprises a cathode and an anode, both being enclosed in an evacuated 
sealed envelope in order to provide electrical insulation between these two electrodes. 
The cathode produces an electron beam that is received by the anode over a small 
surface constituting a focus from which the X-rays are emitted. The envelope is 
generally transparent to X-rays. The X-ray assembly or tube comprising the cathode, 
the anode and the envelope is in its turn contained in a enclosure which is opaque to 
X-rays, except for a part located facing the X-ray beam emitted by the anode, which 
comprises a window made of a material transparent to X-rays. A gap between the 
transparent envelope and the opaque enclosure is filled by oil providing electrical 
insulation and cooling the X-ray source. 

[0004] On application of a high supply voltage by a generator to terminals of 

the cathode and the anode, a current called the anode current is established in the 
circuit through the generator that produces the high supply voltage. The anode current 
passes through a space between the cathode and the anode in the form of an electron 
beam that bombards the focus. 
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[0005] To obtain a high-energy electron beam, the electrons are accelerated by 

an intense electric field produced between the cathode and the anode. To this end, the 
anode is brought to a very high positive potential with respect to the cathode. This 
potential may exceed 150 kV. 

[0006| The cathode assembly comprises elements that are at the same voltage 

as the cathode, in general an arm or a stand supporting the cathode and a central part 
supporting the arm and in contact with the end of the envelope away from the anode. 
A plurality of parallel pins passes through the envelope in a sealed manner, and is 
axially oriented. One of the pins may be coaxial with the rotating shaft of the anode 
and the others parallel. The pins project into the internal space of the enclosure and 
are bathed in oil. The pins are connected to a high-voltage supply via a through hole 
formed in the enclosure and forming the female part of a connection means capable of 
cooperating with a corresponding part. An X-ray tube is disclosed in FR A 2 809 277. 

[0007] While the known X-ray tube or X-ray emitter is satisfactory it is still 

heavy and is relatively bulky. 

BRIEF DESCRIPTION OF THE INVENTION 

[0008] An embodiment of the present invention provides a compact and 

lightweight X-ray tube or X-ray emitter. An embodiment of the present invention is a 
radiological imaging apparatus having a compact and lightweight X-ray tube or X-ray 
emitter. 

[0009] According to one embodiment of the invention, the X-ray emitter 

comprises an anode, a cathode and a body in which the anode and the cathode are 
placed, where the body made to be vacuum-tight. The body comprises an opening in 
which a high-voltage connector is placed, the connector closing off the opening in a 
vacuum-tight manner, thereby being subjected to the vacuum on the side of the 
cathode and to ambient air on the opposite side. Thus it is possible to have an X-ray 
tube with no enclosure, the connector being directly fastened to the body supporting 
the anode. 
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[0010] An embodiment of the invention also relates to an X-ray apparatus 

comprising an X-ray emitter, an X-ray receiver capable of supplying at the output a 
signal representative of an object placed in the path of the X-rays, and a support for 
the X-ray emitter. 

(0011) An embodiment of the invention also relates to a method of 

manufacturing an X-ray emitter having a body capable of being made vacuum-tight 
and comprising forming an opening in the body, a body in which an anode and a 
cathode are placed, in which a high-voltage connector is placed and fastened into the 
opening, the connector closing off the opening in a vacuum-tight manner, and the 
body is evacuated so that the body is subjected to the vacuum on the side of the 
cathode and to ambient air on the opposite side. 

BRIEF DESCRIPTON OF THE DRAWINGS 

[0012] The present invention and embodiments thereof will be better 

understood on reading the detailed description of one embodiment taken by way of 
example which is in no way limiting and illustrated by the appended figures, in 
which: 

[0013] Figure 1 is a perspective view of a radiology apparatus having three 

axes which may be equipped with an X-ray tube; and 

[0014] Figure 2 is a view of an X-ray tube according to one embodiment of 

the invention in section along the axis of rotation of the anode. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] As shown in Figure 1, the radiology apparatus comprises an L-shaped 

stand 1 , with a substantially horizontal base 2 and a substantially vertical support 3 
fastened to one end 4 of the base 2. At the opposite end 5, the base 2 has an axis of 
rotation parallel to the support 3 and about which the stand is capable of rotating. A 
support arm 6 is fastened by means of a first end to the top 7 of the support 3, so that 
it can rotate about an axis 8. The support arm 6 may have the shape of a bayonet. A 
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C-shaped circular arm 9 is held by means of another end 10 of the support arm 6. The 
C-shaped arm 9 is capable of sliding rotationally about an axis 13 with respect to the 
end 1 0 of the support arm 6. 

{0016] The C-shaped arm 9 supports an X-ray emitter 11 and an X-ray 

detector 12 in diametrically opposed positions facing each other. The detector 12 may 
comprise a flat detecting surface. The direction of the X-ray beam is determined by a 
straight line joining a focal point of the emission means 1 1 to the center of the flat 
surface of the detector 12. The axis of rotation of the stand 1, the axis 8 of the support 
arm 6 and the axis 13 of the C-shaped arm 9 intersect at a point 14 called the 
isocenter. In the mean position, these three axes are mutually perpendicular. The axis 
of the X-ray beam also passes through the isocenter 14. 

[0017] A table 15 is provided to receive an object to be examined, such as a 

patient. The table 15 has a longitudinal orientation aligned with the axis 8 in the rest 
position. The X-ray emitter 1 1 is illustrated in more detail in Figure 2. 

[0018] The X-ray emitter 1 1 comprises an envelope or body 16 made from a 

metal, such as stainless steel, for example of the 304L type. The body 16 comprises a 
cylindrical portion 17, one end of which is closed, a central portion 18 connected to 
the open end of the cylindrical portion 17 and another cylindrical portion 19 having 
two open ends, one connected to the central portion 18 and the other, 19a, forming an 
opening or free end. The cylindrical portions 17 and 19 may have parallel axes and be 
placed on the same side of the central portion 18. 

[0019] The X-ray emitter further comprises an anode assembly 20 provided 

with an anode 21 in the shape of a disc, a rotating part 22 supporting the anode 21 and 
a non-rotating part 23 supporting the rotating part 21 and being fastened at its 
respective ends to the body 16. The anode 21 is placed in the central portion 18 of the 
body 16 and the rotating 22 and non-rotating 23 parts are mainly placed in the 
cylindrical portion 17 of the body 16. Alternatively, it would be possible to design a 
non-rotating part fastened at only one of its ends to the body 16. Bearings 24 are 
placed between the non-rotating part 23 and the rotating part 22 in order to allow 
high-speed rotation of the rotating part 22. 
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[0020] The electrical structure of the rotating 22 and non-rotating 23 parts and 

the electrical connection of the anode are well known and are not further described. 

|0021] The X-ray emitter further comprises a connector 25 designed to 

withstand high voltages of several tens or even hundreds of kilovolts and made from 
an insulating material such as an oxide, and more particularly a ceramic, especially an 
aluminum-based ceramic, for example based on alumina or aluminum nitride. 
Alumina is an example of an electrically insulating oxide. The connector 25 forms a 
female part of a connection assembly that also comprises a male part (not shown). 
Alternatively, the connector may form the male part of a connection assembly, or 
more generally, part of a connection assembly. The connector 25 has a generally 
cylindrical external shape and is placed in a generally cylindrical portion 19 of the 
body 16 to which it is securely fastened in a leak-tight manner. The connector 25 
could have a conical or even an annular corrugated external shape. The connector 25 
has a frusto-conical concavity 26 designed to accommodate the male part of the 
connection assembly by passing it through the opening 19a of the cylindrical portion 
19. The concavity 26 could be cylindrical. More specifically, the connector 25 
comprises a radial bottom 27 and a tubular wall 28 fastened to the bottom 27 and in 
sealed contact with the cylindrical portion 19 by means of its external wall 28a. The 
connector 25 can be fastened to the cylindrical portion 19 by brazing. The connector 
25 further comprises four electrically conducting pins 29, only three of which are 
visible in the figure, placed in the bottom of the concavity 26, on the radial wall 27, 
and which ensure electrical energy is transmitted. The pins 29 may be nickel-based. 

|0022] The cathode 30 is fastened to the inside of the radial wall 27, at the 

same axial level as the anode 21. For good relative positioning of the cathode 30 with 
respect to the anode 21, a short spacer 31 may be placed between the cathode 30 and 
the connector 25. The spacer 31 and the cathode 30, supported by the connector 25, 
project into the central portion 18 of the body 16 while the radial wall 27 of the 
connector 25 lies flush with the central portion 18 of the body 16. 
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[0023] The concavity 26 of the connector 25 is subject to atmospheric 

pressure and to ambient air. The inside of the radial wall 27 is subject to the extremely 
low pressure, i.e., a vacuum, in the field of X-ray generators. 

[0024] The X-ray emission tube can be manufactured as follows. A body that 

can be made vacuum-tight and comprising an opening is formed, an anode and a 
cathode being placed in the body. A high-voltage connector is placed and fastened 
into the opening. The connector closes off the opening in a vacuum-tight manner. The 
body is evacuated such that the body is subjected to the vacuum on the cathode side 
and to atmospheric pressure and to ambient air on the opposite side. 

[0025] In operation of the X-ray tube, the body 16 is connected to earth 

(ground) and the pins 29 to the electrical contacts (not shown) of a male part 32 of a 
connection assembly of one end of a cable 33 connected to a high- voltage generator 
34. A stator of an electric motor can be placed around the cylindrical portion 17 of the 
body 16, capable of generating the magnetic fields needed to rotate the rotating part 
22 of the anode assembly 20, the rotating part 22 forming a rotor of an electric motor. 
Thus it is possible to rotate the anode 21 at high speed while keeping it earthed 
(grounded) by means of electrical connection to the body 16 itself connected to earth 
(ground), an electron beam being generated as a result of the difference in electrical 
potential between the earthed (grounded) anode 21 and the cathode 30 subjected to 
the high supply voltage. 

[00261 The body 16, which may directly support the connector 25, provides 

the electrical connection for the anode to earth (ground), the mechanical support for 
the anode assembly 20 and for the connector 25 that supports the cathode 30, the leak- 
tightness against X-rays by virtue of the metal wall, which for example can be made 
of stainless steel, and which provides sufficient opacity to X-rays and by virtue of the 
connector 25 which also provides sufficient opacity to X-rays, the vacuum-tightness 
in cooperation with the connector 25 and the mechanical strength against forces 
exerted by the external atmospheric pressure while the inside of the body is subjected 
to the vacuum. Thus, it is possible to benefit from a lightweight X-ray tube of smaller 
overall size, free from the lead usually used and from the insulating oil, two materials 
that cause problems for the environment. 
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[0027] The X-ray tube thus obtained is therefore lighter, smaller and more 

environmentally friendly while at the same time being adaptable for various types of 
X-ray machines in the medical or industrial field. 

[0028] The cathode may be supported by the connector. It is possible to do 

without a cathode support stand or arm. The connector then virtually takes the place 
previously occupied by the cathode stand, which contributes to a substantial reduction 
in the overall size of the X-ray tube. The cathode may be supported by the connector 
by means of an intermediate spacer. The intermediate spacer is of small length 
compared with a conventional cathode stand. 

[0029] In one embodiment of the invention, the body is made of metal. By 

way of example, the body may be made of stainless steel. 

[0030] The connector may thus be supported by a portion of the body that is 

relatively opaque to X-rays. 

[0031] The body comprises a stainless steel part directly supporting the 

connector. 

[0032] The body comprises materials having atomic numbers less than 82. 

Since the body is made of metal, an X-ray tube with no lead, a contaminating element 
that is desirable to remove, can be used. The thickness of the body walls can be 
adapted according to the opacity to X-rays of the metal from which it is made and to 
the location of X-ray leakage. 

[0033] In one embodiment of the invention, the body comprises a cylindrical 

portion forming the opening, the connector being placed and fastened into the 
cylindrical portion. 

[0034] The connector may be made from a ceramic. The connector is thus 

suitable firstly for the mechanical stresses due to the vacuum inside the X-ray tube 
and to the atmospheric pressure outside the X-ray tube, secondly for the actual 
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vacuum sealing, thirdly for sufficient opacity to the X-rays, and fourthly for high 
electrical insulation and for appropriate thermal resistance. The term "vacuum" is 
understood to mean the vacuum called a "secondary" vacuum with a pressure of 
between 10-3 and 10-9 torr. 

[0035] The connector can be made from an electrically insulating oxide. The 

connector may comprise aluminum, for example in the form of alumina, or 
magnesium, for example in the form of magnesia, or more generally, electrically 
insulating oxides. Alternatively, the connector may be based on a metal nitride, 
especially an aluminum nitride. 

[0036] The weight of X-ray tube is appreciably reduced, by about 30 to 50% 

compared with a conventional X-ray tube having the same power. The overall size o 
the X-ray tube is also reduced, which in the case of X-ray tubes supported by 
articulated arms, may favor a reduction in the size of the arms and allow greater 
freedom of angular positioning with respect to an object or patient or else greater 
freedom of positioning in an industrial environment in difficult-to-reach regions. The 
reduction in weight of the X-ray tube also makes it possible to reduce the dimensions 
of the motor drive provided for moving it and to benefit from improved position 
control. 

[0037] Conventionally, the body comprises a glass cathode neck fastened to 

the rest of the metal body. The metal body makes it possible to reduce X-ray leakage 
and therefore to put an end to the use of lead in the device. The body is completely 
made from metal and assembled by welding elementary parts. 

[0038] Moreover, directly fastening the connector to the body rather than to 

the enclosure, as in conventional devices, makes it possible to dispense with the use of 
insulating mineral oil which is usually placed between the X-ray tube body and the 
enclosure and therefore also to dispense with the enclosure. In other words, the body 
not only provides the function of supporting the connector but also the radiation 
protection function usually provided by the enclosure. The X-ray emitter therefore has 
a simpler structure than the known devices and may have no contaminating elements, 
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especially dielectric oil or lead, while at the same time having a reduced mass and a 
small overall size. 

[0039] One skilled in the art may make or propose various modifications to 

the structure and/or steps and/or manner and/or way and/or result without departing 
from the scope and extent of the invention and equivalents thereof. 
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